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We, IT. Y. Philips* GtoECLAMrEN- 
jfXBSXEKENy a limited liability Campany, 
orgaauzed and estabUslied imaer the laws 
of tlie Kingdom of The 3!fetlierlands, Mv- 
ing our seat and Office at EnmiasingeL^ gft, 
Eindhoven, Holland, do hereby .declare 
the invention^ for ^hich \re pray that a 
patent may be granted to us, and the 
method by which it is to be performed; 
to be particularly describi^ in and by 
the f olloiving statemeoit : — 

This invention relates to hot-gaa 
reciprocating engines having heatctRs 
wiiiprising bent tubes. 

According to the invention, a hot-^as 
recipi-qcating engine having a heateir com- 
prising bent tubes, one limb of each being 
connected to the hot space and the, other 
limb to' the regenerator which suixouiids 
.20 the workiug cjrliuder of Ihe engine, is 
characterized in that all the tubes are 
bent in such mannei- that beyond the 
cylinder head and extending on that mde 
of the cylinder head remote from the 
cylinder aiid ove<r a major portion of their 
length they are situated eqoidistantly, or 
substantially equidist^mtly, from ihtf 
cyliiider axis. 
It has now been found that, Ti^hen ^ 
30 heater eomprises bent tubes surrounding 
' a space for the oombustibn gases^ for €oc- 
nmple, a combustion space, and of each 
tube one limb provides, a connection to 
* the hot space and the other limb provides 
36 a connection to the regenerator space of 
tlie engine, the Umbs along which the 
combustion gases first flow will, as a rule, 
be heated to a greater degree. In an 
engine according te the invention, since 
40 the tubes are bent in such manner that, 
throughout a portion of their leoigth, they 
are equallv spaced froih each other aroimd 
the periphery of the cylinder, the com- 
bus-iion gases can pass along the tabes in 
46 a moiTJ uniform manner, bo that the 
highest temperaturep of the tubes will be 
lower than in cases where the combustion 
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For structural reasons, the distance be- 50 
tween the b^ and the point of conneiv- 
tion to the regenerator space may eixceed 
the distance betvreen the bend and tho 
p^nt of connection to the hot space. This 
affords the advantage that an incresed 
amount of thermal energy may be ex>. 
tracted from the combustion gases, thus 
considerably increasing tiia amount of 
heat transmittied to the tubes. 

The portions of the longer limbs pro- 
jecting beyond the shorter limbs may be 
provided with means, such as fins posi- 
tioned at right angles to the longitodinal 
directions of said portions in such man- 
ned- that the comhustion gases pass be- 
tween said portions in parallel channels, 
thereby increasing the thermal trans- 
mission therethrough. It may thus be en- 
sured that the combustion gases are 
brought into mora intimate contact with 
the tubes, with i^e result that the thOTual 
transmission is further improved. 

The mv^iition will now be described 
snore fuUy by reference to^ the accompany- 
ing diagrammatic drawing showing by 75 
way of example, one embodiment thereof, 
in which :— 

Figure 1 shows a hot-gas reciprocating 
engine m part vertical section taken 
through the vertical centre line of the flo 
cylinder, and ~ 

Figure 2 is a sectional view taken on 
the hue n— II of Figure 1. 
^ Beferring now to the embodimenii 
shown m the drawing, a hot-gas recipro- 86 
rating engine comprises a displacer 
• pislun 2 and a working piston S adapted 
\^^^^^m^^^^^\r^iax u constant pliase 
. di^ereiice m a cylinder 1. The displacer 
piston 2 and the working piston 3 are 90 
a.ssociated by means of connecting ix>ds to 
a crank^shaft (not shownj. The woAin«> 
medium flows to the working space I 
through a group of tubes 5, disposed coC 
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axialiy with the combustion space 10 and 
the cylinder axis, a reg-enerator G, a cooler 
7 and a cold space S. TLe inner limbs 5/f' 
the tubes 5 are bent in snch manner 
that tlie spacing for the combustion gases 
between any pair of adjacent tubes o//. 
and 56 is the same. Tlie arrangement of 
the limbs is shown in Figure 2, Trhich is 
a. cross-sectional view taken along the 

10 line n— II of K^^ure 1. The heater is 
furthermore prpriiled with a I>umer 9. 
The combustion gases flow from the cen- 
trally positioned combustion spacte ID 
along the series of tubes^ thus heating the 

15 limbs 5iy, bh, simultaneously aud equally. 
Subseq.uently, the combustion gases pa-js 
'along the portions 5c of the limbs oh pro- 
jecting beyond the^ sliorter limbs 5jf. In 
order to. improve the thermal transmission 

20 to the portions ocy the portions ->t? are 
l>rovided %vith projections, in this iyse, 
tins, 11, ijositioned subst^mtially at right 
angles to the longitudinal direction ct the 
limbs, so that tJie combustion gases flow 

25 along the ixjrtions 5c in a number of 
p;irallel channels. The combustion guse^ 
jinally leave thei heater at 12. 

It will be evident {hat the iius 11 may, 
for example, extend luirallel to tbe longx- 

30 tudinal direction of the portions 5c in- 
stead of at right angles thereto. 

In the enuxjdinient desd'ibetl above, 
ihe tubes are arraifged concentrically 
about the combustion space and the re- 

35 generator suirouud?? the working cylinder 
of the engine, combustion gases being 
provide<l centrally and leaving the heater 
at its jieriphery. It is obvious, hbw;ever, 
rUat the construction according to the in- 

40 A'eniion is also apx>Ii^*i*We to an engine iu 
whicli combustion gases ;ire supjilie<l at 
the periphery of the group of tuhes and 
carried away centrally, Purtlienuore*, it 
ia not require*! that,' as is the case m 

45 I'igures 1 and 2, the limbs of tbe tubes 
are bent througb a portion of their length 
in such manner that on a cross-section 
lltrough this )Jortiou the cross-sections of 
tbe tubes arti IcH'ated ou.the s;ime eii'cle. 

60 The limbs luay be bent at this portion m 
such manner^ in section at right angles 
to tbe centre line of the cylinder, that the 
tube^ are staggered with re.s])eet to e:icli 
other and form a z]g«-zag pattcfrn, so f Iiut, 



in effect there is a slight difference in the 55 
distances of the tubes from* the cylinder 
axis. To easure siitistactoiy operation of 
the heater, it is necessary, however, that 
the passages for the combustion, gases be- 
tween all of the limbs are equal. 6U 
What we claim is: — 

1. A hqt-gas reciprocating engine hav- 
ing a heater comprising bent tubes one 
limb of each tube being connecteil to rht5i 
hot space aaid the other limb to the re- 65 
generator which surrounds the working 
cylinder o( the eJigine, characterized in 
that all the tubes are bent iu such maimer 
that l^yond the cylinder head and extend- 
ing- on' that side of the cylinder head re- 70 
mote from the cylinder and over n. major 
lK>rtion. of their length they are situated 
eqiiidistantly, or substantially equidi:?- 
tantly, from the cylinder a:sis. 

2. A hot^gas reciprociiting engine ;is 76 
claimed in Claim 1., characterized in that 
for each tube, the distance between thei 
bend and the ^joint of connection to the 
regenerator space exceeds the distance 
between tbe bend and the point of eon- 80 
nection to the hot space. 

3. A hot-gas reciprocating engine as 
claimed in Claim. characterised in that, 
the portions of the longer limbs project- 
iiig beyond thei shorter limbs are provided 85 
with means for iiicreasing the tlrennai 
transmission thereto* 

4. A hot-gas reciprocating engine as 
claimed in Claim 3« chai'acTeriised iu that- 
the means comprise iins. 90 

5. A hot-gas reciprocating engine as 
claimed in Glaini or 4, characteri^st-il iu 
that the means or tins are i)usitioned at 
right angles to the longitudinal directions 

of said portions in -^uch manner that t)ie 95 
combustion g:4ses flow along <u\{\ portions 
in parallel channels. 

6. A hot-gas reciprocating engine, sub- 
stantially as herein described with refer- 
ence to the accompiiiiying drawing. 100 

Dated this 7th duv of 3?^ebruary, 1951 • 
T. ]). TH^E^VDaOIiD, 
(.'bartered Patent Agent. 
Century House, 
5sbaf resbury Avenue, 
Loudon, Wjd. 
' Ajceut for the A])plicants. 
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